The use of corticosteroids for treatment of Duchenne and Becker muscular dystrophy in clinical practice from 1991 through 2005 was reviewed in a large population-based cohort (MD STARnet) of boys in 4 regional sites and 6 clinics of the United States. Corticosteroid use increased from 20% (11 of 56 individuals) in 1991 to 44% (93 of 218 individuals) in 2005. Average use varied by site and ranged from 15% to 49%. The median age of corticosteroid initiation was 6.9 years (range, 3.7-17.4 years). Dosage and growth information was available for 102 participants and showed a median dose as 0.729 mg/kg for prednisone and 0.831 mg/kg for deflazacort. T. The most common reasons that corticosteroids were discontinued included weight gain, behavioral side effects, and loss of ambulation, resulting in full-time wheelchair use. Substantial variations in clinical practice were identified among study sites.
Duchenne and Becker muscular dystrophy are allelic neuromuscular disorders that form a spectrum of clinical severity resulting from variable effects on the integral muscle protein dystrophin. They are often referred to collectively as dystrophinopathies. Duchenne and Becker muscular dystrophy are X-linked recessive disorders with an estimated incidence of 1:3500 live male births 1 and are characterized by a progressive weakness of skeletal muscle. 2 The dystrophinopathies are caused by an abnormal amount or quality of the dystrophin protein, a key component of the sarcolemmal dystrophinglycoprotein complex. [3] [4] [5] [6] Many pharmacological treatments have been studied for Duchenne and Becker muscular dystrophy, 4, 5 but only corticosteroids such as prednisone and deflazacort have been shown to improve and/or preserve functional status. [7] [8] [9] [10] [11] [12] The clearest benefit of these medications is the improvement of muscle strength and the preservation of independent ambulation by 2 to 3 years. [13] [14] [15] [16] [17] The recently published American Academy of Neurology Practice Parameter, Corticosteroid Treatment of Duchenne Dystrophy, recommends offering corticosteroids (prednisone 0.75 mg/kg/d or deflazacort 0.9 mg/kg/d) to all individuals with Duchenne and Becker muscular dystrophy. 18 The Practice Parameter also recommends that treated individuals be monitored for side effects, including weight gain, behavioral changes, gastrointestinal complications, blood pressure changes, glucosuria, acne, and hirsutism. 19 The Muscular Dystrophy Surveillance, Tracking, and Research Network (MD STARnet) is a population-based surveillance system funded by the Centers for Disease Control and Prevention to identify individuals with Duchenne and Becker muscular dystrophy born since 1982 and who resided in one of the participating sites (Arizona, Colorado, Iowa, and western New York). For this investigation, we examined 2007 MD STARnet data to evaluate the clinical use of corticosteroids among boys with Duchenne and Becker muscular dystrophy from 1991 through 2005. The findings of this report have implications for practice improvement in the treatment of individuals with Duchenne and Becker muscular dystrophy.
Methods
Potential Duchenne and Becker muscular dystrophy cases were identified through multiple case finding techniques (e.g., review of ICD-9 codes, neuromuscular clinic rosters). Medical records of potential cases were abstracted by trained abstractors, using a computerized abstraction instrument to record detailed clinical information from each case individual. Each individual was assigned a case status (definite, probable, possible, female, asymptomatic, or not Duchenne and Becker muscular dystrophy), using key clinical and diagnostic testing information from the abstracted medical record. These diagnostic elements were reviewed by a Clinical Review Committee of 4 neuromuscular clinicians, using defined criteria to classify cases. A full description of the MD STARnet surveillance methodology has been published previously. 20 Information collected on corticosteroid use included corticosteroid name, dose, and frequency; start and stop dates; and recorded reasons for changing dose or stopping corticosteroids. Each study site maintains Institutional Review Board approval for this research.
The study population for this investigation included 428 males with a clinical diagnosis of Duchenne and Becker muscular dystrophy and who met the case definition criteria for ''definite'' or ''probable'' Duchenne and Becker muscular dystrophy. Each of these individuals had previously received a clinical diagnosis of Duchenne and Becker muscular dystrophy from a physician with expertise in the diagnosis and treatment of Duchenne and Becker muscular dystrophy. Eligible cases for this analysis had the following criteria: birth year from 1984 through 1998, documented residence within an MD STARnet site some time from 1991 through 2005, a clinical diagnosis of Duchenne and Becker muscular dystrophy, and complete information about corticosteroid use for the years 1991 to 2005.
Initially, each case record was reviewed to determine if it met the inclusion criteria. A case was classified as a resident for each year there was documentation of residence or clinical activity within a MD STARnet site. An individual who died at any point in a calendar year was included in the counts for that year.
Cases were classified as a corticosteroid user if they had documentation of corticosteroid use for at least 2 months from 1991 through 2005. If a case had corticosteroids prescribed in any part of a year and was on corticosteroids for at least 2 months, then that year was counted even if the 2 months fell across 2 different years. Annual percentage of corticosteroid users was calculated by dividing the number of patients on corticosteroids (as defined above) by the total number of eligible cases (as defined by the inclusion criteria) for that year.
We completed a secondary analysis using a narrow age range of cases to assess whether any patterns found in corticosteroid use were an artifact of the increasing mean age of the cohort or a true trend. We calculated the percentage of 5-to 9-year-olds with documented corticosteroid use during 3 time periods-1991 to 1995, 1996 to 2000, and 2001 to 2005-to examine the change in percentage of corticosteroid users between the 3 time periods.
For the current data presentation, cases were categorized by MD STARnet regional sites (coded as A, B, C, and E) and primary clinic (coded as 1 through 6). The designation of primary clinic site for each case was based on the predominant clinic attended for medical visits. Most participants were associated predominately with 1 clinic; however, those who attended 2 clinics equally were grouped in a separate category as ''multiple.'' Because the number of cases in the multiple category was very small (n ¼ 6), we did not include this group in comparison analyses by clinic site.
Corticosteroid dose was calculated using the prescribed dose and frequency and the corresponding weight for that time period to determine the dose in milligrams per kilogram. The median age of corticosteroid initiation was determined by using the case age at the first documented use. Duration of use was calculated for all cases with a corticosteroid stop date and was calculated by subtracting the start date from the stop date to get a time value in months. All statistical analyses were conducted with SAS software. 21 
Results
Of the 428 cases of Duchenne and Becker muscular dystrophy identified by MD STARnet, 72 were excluded due to a birth year before 1984 or after 1998, and 5 were excluded because of incomplete data on corticosteroid use. Among this group of 351 boys, 179 (51.1%) had ever taken corticosteroids, with a median age of initiation of 6.9 years (range, 3.7-17.4) and a median duration of use of 41.0 months ( Table 1 ). The percentage of cases that used corticosteroids increased from 19.6% in 1991 to 44.1% in 2005, but the increase was not steady during the 15-year period (Figure 1) .
We calculated the percentage of 5-to 9-year-old cases with documented corticosteroid use during three 5-year time periods-1991 to 1995, 1996 to 2000, and 2001 to 2005-to determine if the observed increase in corticosteroid use represented a true trend or could be explained by the aging cohort. Results indicated that the percentage of 5-to 9-year-olds on corticosteroids increased from 35.3% to 47.1% for the entire cohort, although the change varied by site ( Table 2) .
The most common corticosteroid prescribed was prednisone, followed by deflazacort and prednisolone. The percentage of cases that used corticosteroids in 2005 ranged by site from 29.0% to 63.1% (Figure 1) , and the percentage of cases that used corticosteroids in 2005 ranged by clinic from 80.2% at clinic 6 to 8.4% at clinic 5 (Figure 2 ). Dosage and growth information was available for 102 participants and showed a median dose for prednisone and prednisolone as 0.729 mg/kg and 0.831 mg/kg for deflazacort.
Among documented reasons for discontinuation, the most common were weight gain (23.3%), behavioral side effects (19.1%), and loss of ambulation, resulting in full-time wheelchair use (15.8%). The reason for discontinuing corticosteroids was unknown in 20.0% (Table 3) .
Among the 179 corticosteroid users, corticosteroid dose or frequency of dose was altered 490 times. In most circumstances (56.7%), the reason for the alteration was not documented in medical records. The most common documented reason for changing corticosteroid dose (9.4%) was an increase in dose to adjust for weight change as the child grew. However, decreases in dose were also documented for indications such as weight gain (8.0%), behavioral side effects (6.5%), or a parent's request (2.2%) ( Table 3 ).
There were 53 individuals who were offered corticosteroids and declined, including 13 who were offered and declined more than once. Five individuals initially declined but at another point in time consented to corticosteroid use. It is unknown why most individuals declined to take corticosteroids (85.2%), but the most common documented reason was parental choice or presence of a comorbidity. 
Discussion
This study documents the clinical use of corticosteroids in a population-based sample of individuals with Duchenne and Becker muscular dystrophy. We identified an increase in corticosteroid use among MD STARnet cases during the period 1991 through 2005. Despite this increased use, only about 50.9% of individuals in this cohort have ever been on corticosteroids. The reasons for this relatively low frequency of use are not well understood, but the data do show substantial variation among the clinical sites that were studied. A pattern of steadily increasing corticosteroid use was found at each site except site A, which showed a decline from 2001 to 2005 (Table 2 ). This decline might have been due to the small number of 5-to 9-year-old cases identified at site A during this time period.
There was wide variation in corticosteroid use from an annual mean percent of 8.4% to 80.2% across individual clinics. The variation in physician prescribing practices appears to be a strong determinant of corticosteroid usage in our cohort, but the reasons for this variation cannot be determined from this analysis.
The MD STARnet case definition criteria do not differentiate between Duchenne and Becker muscular dystrophy but instead focus on the presence of dystrophinopathy; therefore, our analysis included some individuals with Becker muscular dystrophy. There is ongoing controversy about the use of corticosteroids to treat boys with Becker muscular dystrophy, and the inclusion of these cases may have increased the median age at initiation and/or decreased the percentage of cases using corticosteroids.
There have been no published studies examining the optimal age to begin corticosteroid treatment. 17 However, most guidelines recommend initiation between 4 and 6 years of age. 22 The median age of initiation in this cohort was 6.9 (range, 3.7-17.4). Future analyses will be necessary to determine if the median age of initiation decreases with new standards and practices involving corticosteroid use in individuals with Duchenne and Becker muscular dystrophy. 18 The American Academy of Neurology Practice Parameter, Corticosteroid Treatment of Duchenne Dystrophy, recommends that corticosteroids be given at a dose of 0.75 mg/kg/d for prednisone or 0.9 mg/kg/d for deflazacort. 18 The MD STARnet patients who were started on daily doses of prednisone and deflazacort closely followed the recommendations. This study found that the most common side effects of corticosteroids were excessive weight gain and behavioral changes. This parallels other studies, which found that the most common side effects were weight gain and development of a cushingoid facial appearance 6 to 18 months after treatment. 19, 23, 24 Normal growth and development, excessive weight gain, and behavioral changes were the primary reason for changes in dosage.
In conclusion, the beneficial effects of corticosteroid treatment on muscle strength and function in boys with Duchenne muscular dystrophy are well documented. 18 Despite these benefits, many affected individuals do not appear to be receiving treatment. The reasons for this disparity are not well understood, but physician practice patterns, concerns about negative side effects, and other issues of patient and family preference all appear to play a role. The efforts of public health programs, neuromuscular specialty organizations, and parent support and advocacy groups are increasingly directed toward raising awareness and standardizing protocols for corticosteroid treatment. Ongoing public health monitoring will be required to assess the impact of these treatment recommendations on the use of corticosteroids for boys with Duchenne and Becker muscular dystrophy. 
